Abstract
in pigs using microinjection of two Clustered regularly interspaced short palindromic repeats gene [6, 7] . The centrally located "high mobility group"-box domain (HMG) of the SRY protein 48 is responsible for DNA binding [8, 9] and thought to act as the main functional domain of the 49 SRY gene [10] . Furthermore, it displays high similarity between different species [11, 12] . In 50 previous studies in mice [13] and rabbits [14] , the SRY gene was knocked out using different 51 targets of the SRY sequence. However, the direct knockout of the HMG-box domain to 52 elucidate the function of the HMG-box domain was not achieved. The Transfection of gRNAs. The CRISPR/Cas9 system was employed to induce defined deletions water bath (37 °C). Motility of sperm was analyzed using microscopy. After washing with 116 Androhep® and centrifugation for 6 minutes at 600 g, approx. 75 to 100 sperm per oocyte 117 (depending on semen capacity) were used for fertilization (no sexed sperm was utilized for 118 fertilization). After four hours of incubation, the fertilized oocytes were cultured in porcine- after PMSG administration) German Landrace gilts (7-9 months of age) (Supplements Table 1 ). Both RNP complexes were mixed in a ratio of 1 (SRY_1) to 1,7 (SRY_3) and directly used for Table 2 ). Fluorescence R-banding using chromomycin A3 and methyl green was performed as 177 previously described in detail [23] . At least 15 metaphases were analysed per offspring. 178 Karyotypes were described according to Gustavsson, 1988 Off-target analysis. The top ten off-target effects were selected from the gRNA design tool 182 CRISPOR (http://crispor.tefor.net/). PCR primers used for amplifying the PCR product are 183 listed in Supplements Table 3 for SRY_1 and Table 4 for SRY_3. The PCR product was purified 184 (Invisorb®Fragment CleanUp-Kit, Startec, Germany) and analyzed via Sanger sequencing. Production of SRY-KO pigs. In the next step, we induced a deletion of approx. 300bp 199 encompassing the HMG-box domain of the SRY gene (Fig. 2b) . Two recipients went to term 200 and delivered in total twelve healthy piglets with a female phenotype (Tab. 1/ Fig. 3) . No sexed 201 sperm was used for fertilization. Three of the piglets showed a deletion of approx. 300bp 202 within the HMG-box domain motif of the SRY gene (Fig 4) . The CRISPR/Cas9 system has become the genome editing technology of choice for most 311 application due to its ease of use, cost-effectivity and highly specific way to introduce 312 mutations at the targeted loci [34, 35] . Nevertheless, there is the possibility of off-target 313 cleavages at undesired genomic sites. Therefore, it is necessary to increase the specificity of 314 the CRISPR/Cas system regarding gRNA design [36] . 315 In the present study, healthy SRY-KO piglets showing normal development and growth rate 316 were born. Moreover, the knockout of the SRY HMG-box domain resulted in piglets with a 317 female phenotype including complete female external and internal genitalia. Only the ovaries 318 were smaller compared to the female WT controls. A previous study in rabbits reported that 319 SRY-KO rabbits had a dramatically reduced number of follicles. Although, a normal copulatory 320 behavior existed, no pregnancy was established by mating of an SRY-KO rabbit and a wildtype 321 male rabbit. However, transfer of embryos at the blastocyst stage from wildtype female 322 rabbits into pseudo pregnant SRY-KO rabbits results in a successfully pregnancy with the birth 323 of twelve kitten. Therefore, they assume that the abnormal development and reduced 324 number of follicles are responsible for the subfertility in the sex-reversal rabbits [14] . We 325 suggest that SRY-KO pigs could also develop a reduced fertility because of the smaller size of 326 ovaries. Nevertheless, in regard of the fertility rate and copulatory behavior more studies are 327 needed after the piglets reach sexual maturity. In conclusion, these results described here, to its importance for sex reversal studies, the pre-determination of sex using CRISPR/Cas9 333 system in pigs could be a great benefit due to its impact on economic profit. The pig 334 production would extremely benefit from a shift to generate more female offspring as the Fig. 8 Karyotyping of the SRY-KO piglet 714/1 confirming the male genotype by analysis of the sex 514 chromosomes. In this piglet, a clonal aberration (inversion) could be found in chromosome 7. 515 516
